The Trevo Retriever is intended to restore blood fl ow in the neurovasculature by removing thrombus in patients experiencing ischemic stroke within 8 hours of symptom onset. Patients who are ineligible for intravenous tissue plasminogen activator (IV t-PA) or who fail IV t-PA therapy are candidates for treatment.
Introduction
Symptomatic lumbar disk herniation is a degenerative disease of the intervertebral disk that presents with a clinical picture characterized by back pain, sciatica, or compressive femoral (lumbar) radiculopathy and functional limitations or incapacity. Studies on the natural history of disk herniation show that the herniated intervertebral disk often resorbs completely or in part, and that the associated symptoms frequently subside with conservative therapies. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Herniated disks are often detected in asymptomatic subjects undergoing diagnostic imaging (computed tomography (CT) and/or magnetic resonance imaging (MRI)) for other medical complaints. The herniated disk is therefore a dynamic phenomenon and a relatively common condition with a favorable prognosis in most cases. 7, 11 The variability of interventions and treatment offered for lumbar disk herniation reflects the uncertainty regarding the indications for surgery. Recent years have seen an increasing number of reports on the use of oxygen-ozone therapy for disk-root conflict caused by disk herniation. 4, 6, 7, 9, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] The therapeutic efficacy of CT-guided intraforaminal injection of an oxygen-ozone mixture in patients with disk-root pain caused by lumbar disk herniation is well known. 7, 15, 16 This study reports on the outcomes of 84 patients with disk herniation unchanged for one or two years, treated with oxygen-ozone therapy.
Materials and methods
In the period April 2002-July 2015, we treated 84 patients (63 male, 33 female) aged between 42 and 71 (median age 63). All patients presented radiological CT or MR evidence of lumbar herniated disk and had a history of low back pain with or without sciatica. Medical treatment had not yielded significant benefits and repeated neuroradiological examinations were required by different specialists consulted over two or more years.
In these 84 cases we noted that there had been no change in imaging findings of disk herniation in the years before treatment, and all patients presented a similar medical history. In the first instance, all patients had been treated by their physicians who prescribed common analgesic and anti-inflammatory therapies, sometimes associated with muscle relaxants. Because of chronic pain, all patients were enrolled in our study.
We carried out a neuroradiological MRI check on the anatomical situation using a Siemens system (see Table 1 ). Imaging findings confirmed the unmodified herniated disks.
All patients who had been advised to undergo surgery had decided to wait. Persistent pain led them to have a second neuroradiological examination that confirmed the unchanged herniated disk. At this point, after clinical evaluation, we decided to administer oxygen-ozone therapy under CT guidance. All patients treated were then checked by MR scan one month after treatment (Figures 1 to 3 ).
CT-guided intraforaminal oxygen-ozone therapy
The treatment was administrated in the day hospital using the same infiltration technique adopted for discographic injections. We usually used a 9 cm 22G needle, but a longer needle was used in some cases depending on the patient's size. The needle tip must be 4-5 mm from the foraminal region. CT scans were then used to check the correct positioning of the needle ( Figure 4 ) and 3 cm 3 of an oxygen-ozone mixture at 25 mg/mL were injected. The needle was then withdrawn for a few mm before injecting 7-8 cm 3 of the gas mixture around the intervertebral joint. All treatments were performed using equipment fitted with a photometric detector, monitoring the concentration of ozone in the gas mixture. Another CT scan was then performed to ascertain the correct distribution of the oxygen-ozone mixture. Patients remained clinically monitored for about 30 min before being discharged. All patients were then re-evaluated clinically 10 days after the procedure and if the result was not satisfactory a second treatment was carried out (the procedure can be repeated twice or even more without problems). Out of the 84 patients included in the study, 74 (77.1%) were treated twice, 11 once (11.5%), and 9 (9.4%) three times.
All patients underwent neuroradiological MRI follow-up one month after treatment.
We used a modified version of McNab's method to define clinical outcome as follows: a. Excellent: resolution of pain and a return to normal daily activities performed before the onset of pain. b. Good or satisfactory: more than 50% reduction of pain. c. Mediocre or poor: partial reduction of pain or no pain resolution. 
Results
The neuroradiological follow-up showed that all herniated disks in our patients had persisted unchanged for years. Among the 84 patients, 77 (92.7%) had an alleviation of symptoms: total pain relief in 42 cases (50%) and partial relief in 35 (42.6%). The remaining seven of the 84 patients (8.3%) had no or negligible changes on imaging. The clinical benefit of treatment was immediate. No side-effects were reported.
Discussion
Despite the abundant literature on the topic, the longterm natural history of lumbar disk herniation remains unclear. Radicular pain is a well-recognized symptom of lumbar disk herniation caused by mechanical compression and the resulting vascular and biochemical inflammation generated by contact between disk material and nerve roots. Discogenic back pain is less well understood.
The therapeutic efficacy of oxygen-ozone treatment has been known for over 25 years and many studies have demonstrated the utility of oxygen-ozone administration in the treatment of herniated disks. 4, 6, 7, 9, Although the hernia can cause back pain, radiculopathy, sciatica or crural and functional impairment, disk degeneration can also occur in the absence of symptoms. Herniated disks are commonly encountered in asymptomatic subjects. Symptoms determined by herniated disk may resolve spontaneously: numerous diagnostic imaging studies have shown that the herniated lumbar disk subsides completely or shrinks in a high proportion of cases. The improvement is rapid within the first three months and is due to mechanisms of cell reabsorption mediated by cytokines without a fibroblastic reaction.
In this case series no medication had yielded significant benefits and the repeated neuroradiological documentation was the result of prescriptions from different specialists consulted over two or more years, prior to the decision to administer oxygenozone therapy.
This study documents how ozone therapy resolved the problem in this case series. Patients had both a favorable evolution of pain and herniated disk morphology, with disk disruption or significant shrinkage of the prolapsed disk material extruded into the spinal canal.
As CT-guided intraforaminal administration of ozone precisely controls the needle tract and injection, the oxygen-ozone mixture is selectively injected to improve the local circulation with a eutrophication effect on the compressed nerve root and associated muscle spasm. Oxygen-ozone administration normalizes the level of cytokines and prostaglandins with anti-inflammatory and pain relieving effects with an increased production of superoxide dismutase, minimizing oxidizing reagents. Lastly, the close proximity of the ozone mixture to the herniated material accelerates dehydration or destruction of the non-vascularized discal tissue yielding a good end result. 4, 26, 31 Disk herniation is a relatively common dynamic phenomenon with a favorable prognosis in most cases. The vast majority (95%) of patients with back pain are able to return to work within three months from the onset of symptoms, without resorting to surgery. 4, 26, 31 Large or fragmented disk herniations are usually considered clear indications for surgery. However, these lesions frequently regress spontaneously with conservative treatment: the probability of absorption increases with the size of the herniation and the extent of migration from the discal space. Even neurological deficits caused by herniated lumbar disk (with the exception of cauda equina syndrome, and a progressive loss of motor function) have a naturally favorable evolution.
Conclusions
The rapid resolution of low back pain with no complications, combined with an easy-to-perform treatment under CT guidance make intraforaminal oxygen-ozone therapy a viable alternative to surgery in the management of disk herniation. When surgery is not deemed essential, oxygen-ozone administration is the method of choice among mini-invasive percutaneous therapies.
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